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THE BAROMETER AND METHOD OF USING IT. 

DeSCHIfTIOM OP THE INSTRUMENT AND INSTRUCTIONS FOR 

ITS Management. 

The barometer ia an instrument with wluch to observe and 
measure the variations in the weight or pressure of the atmo- 
sphere. It conaista of a glass tube closed at one end, which ia 
filled with mercury, all air being carefully excluded ; the tube is 
then inverted, and its open end is immersed in a amall cistern also 
containing mercury, so as to pi-event air entering the tube. Great 
care is taken to exclude air Jrom the tube, as its presence even in 
minute quantity will vitiate the readings of the instrument. The 
pressure of air on the surface of the mercury in the cistern 
maintains the mercury in the tube at a height which corresponds 
to that pressure, and measurements with tlie instrument are made 
by reading the height of the column in the tube above the 
surface of the mercury in the cistern. English instruments 
are gi-aduated in inches and decimals of an incli, the average 
height at the sea level being rather less than 30 inches, tliough 
the mercury sometimes rises nearly to 31 inches and fails below 
28 inches. 

In handling barometers it should be remembered that they are 
delicate and expensive instruments. The result of rough treatment 
is breakage ; and for scientific purposes, observations with an 
instrument repaired and not subsequently verified by comparison 
with an instrument known to be correct, are almost useless. 

When the instrument ia supplied from the Meteorological 
Office, its official number should he inserted in tlie ship's log, 
or in the special meteorological log if one be kept, and any 
change of any kind, such as the Bubstitution of one instrument 
for another, should also be noted. If the barometer is of any other 
construction, this should be noted, and if instructions are engraved 
on it, or supplied wilh It, for making any corrections, these 
instructions should be recorded in the log. If, in addition to a 
barometer from the Meteorological Office, the ship b supplied with 
a second instrument, frequent comparisons of their readings should 
be made and entered in the log, during the early part of every 
voyage, so that in ease of accidents to the former instrument 
proper means shall exist for correcting the observations subse- 
quently made with the latter. 

Rb Si3S. A. 2 



The height of the ciBtcm of the barometer above the level 
of the sea Bhoaid be ascertained and noted in the log at the 
beginning of each passage, and if any change of position is made 
during the passage it should be noted. 

The barometer should hang where it can awing freely, so as 
always to take up a truly vertical position ; it should be carefully 
protected from injury, out of the reach of persons casually passing 
near it, and fixed in a convenient place for observing, if possible, 
with the light coming from behind the observer, and where it is 
not liable to considerable changes of temperature, and therefore 
out of the reach of sunshine or the direct heat of fires or lamps. 

A bracket and screws for suspending the barometer are supplied 
with it. The bracket having been screwed up, the instrument should 
be carefully lifted out of its box, the hinged part of the suspension 
arm bent back, and tlie barometer slipped into the bracket. The 
holding screws should not be driven quite home until the instrument 
is in position. The mercury will then fall gradually, and the instru- 
ment will usually be ready for observation in about an hour ; but aa 
local teniperatureaffectstheinstrnment slowly, it may be well not to 
record observations from it for some hours after first fixing. In a 
new tube the mercury sometimes does not readily quit the top of 
the tube. If, after an hour or so, the mercury has not descended, 
tap the cistern end rather sharply, or make the instrument swing 
a little in its gynibiJs, which should cause the mercury to rise and 
fall in the tube. If this method does not succeed, the force of 
the tap must be slightly increased, but violence never used. The 
box should be safely stowed away, for use when the instrument 
has to be removed. 

Whenever it may be necessary to take down a barometer and 
place it in its box, the vernier should be brought down to the 
bottom of the scale. Then, having lifted the instriunent out of the 
bracket, bring it gradually into an inclined position, and so hold it 
for a few minutes, to allow the mercury to flow very gently up to 
the top of the glass tube, avoiding any sudden movement which 
would cause the mercury to strike the top of the tube with violence 
and might break it, the absence of air from the tube making the 
force of the blow little diflferent from that of a solid rod of metal. 
The barometer should then be taken lengthwise and laid in its 
box. To be carried with safety it should be held with the 
cistern end upwards or lying flat, and it must not, on any account, 
be subjected to jars or concussions. 

Experience shows that it is advisable to give some directions 
as to packing barometers. If the instrument is to be sent by 
rail or other conveyance, and may thus be liable to be handled 
by persons unacquainted with its delicate and peculiar con- 
stourtion, it should, after having been placed in its box as 
directed, be enclosed in a packing case with two or three inches of 
aoft elastic packing all round it, such as hay, straw, shavings, tow, 
or paper-cuttings. To avoid concussion, the lid of the case 
should never be nailed down, but always fastened with screws. 
The address label should he panted or nailed on before the lid is 



screwed down, and at the end of the case which is next the 
datem of the barometer, and it should be marked " Glasa and 
" fragile instruments. Keep this box lying flat, or carry it this 
" end upwards." If two or more barometers be packed together, 
the cisterns should all be placed at this marked end of the case. 
Barometers should be sent by passenger triun, or 1^ whatever 
route or conveyance affords the means of transit least likely to 
lead to rough usage. Transhipment or change of conveyance 
should be avoided if possible. 



Fig. 1. 



Method op Reading the Barohet&r. 

In order to facilitate the taking of accurate readings of the 
height of the barometer, a Rinall movable scale, called a 
" vernier," so called after its inventor Pierre Vernier (A.D. 1630), 
is attached to the instrument, a» shown in Fig. 1, 

The general principle of this contrivance is 
that a given length of the vernier, equal to a 
certain number of divisions of the fixed scale, 
is divided into one more or one less than that 
number of divisions. In standard barometers 
the fixed scale is divided into inches, tenths, 
and half-tenths, each of which last is there- 
fore • 050 of an inch. Twenty-five divisions of 
the vernier are made to coincide with twenty- 
four of the smallest diyisiona of the fixed 
scale ; therefore a space on the scale is larger 
than a space on the vernier by the twenty-filth 
part of '050, that is to say by '002 of an inch. 

The vernier is moved by a rack and pinion 
which ends in a milled-head. To set the 
vernier for reading, turn the milled-head of 
the pinion so as to bring the lower edge of 
the vernier exactly on a level with the top 
of the mercurial column. When set properly, the front edge of 
the vernier, the top of the mercury, and the back edge of the 
vernier must be in the line of sight, which line will thus just 
touch the middle and uppermost point of the convex or curved 
surface of the mercury in the tube. Great care should be taken 
to acquire the habit of setting the vernier with the eye exactly 
on a level with the top of the mercury, that is, with the line of 
sight at right angles to the tube, which, while the observation is 
being made, should iiang freely in a truly vertical position, the 
instrument not being disturbed by being lield or even touched; 
because any inclination will cause the column to rise in the 
tube. 

A piece of white paper placed behind the tube to reflect the 
light, assists in setting the vernier accurately, and at night a small 
bull's-eye lamp may for this purpose be held so ae to throw a 
strong ugbt on the paper. 




The mode of reading off tho height, when the Ternier has 
been set, may be learned from a study of the diiigrams, Figs. 
in which A B represents part of the scale, anil C D 
the vernier, the lower etlge D of which has been brought to 
coincide with the top of the mercurial column. The ecale is 
readily understood; B ie 29 '000 inches; the first lino or divi- 
sion above E is 29-050; the eecond line or division 29'I00, 
and so on. The first thing ia to note the scnle division just 
below L), and the next ia to find out the division of the vernier 
which is in ono and the same line with a division of the 
scale. In Figure 2 the lower edge of the vernier, D, is repre- 
sented in exact coincidence with sc^e division 29 ■ 5 ; the Ijarometer 
therefore reads 29-500 inches. Studying it attentively in this 
position it will be perceived that while the top C again coincides 
with a line on the scale, the oilier divisions of the vernier are more 
or less separated from the divisions of the scale nearest to them. 
Aa was before pointed out, one division of the vernier is ■ 002 inch 




Ema'ler than one division nf the scale, coiisuqueully with the vernier 
in tlie position shown in Fig, '2 the division a is -002 inch below 
the nearest line, r, of the scale If, ihcreforc, I he vernier be moved 




upward, so as to place a in a line with z the edge D would be 
raised • 002 inches, and it would read 29 ' 502, and this would be 
the height of D on the scale. In like manner it is seen that h on 
the vernier is ' 004 inch below the line next above it on the scale ; 
c. • 006 inch below that next above it ; d^ '008 inch from that next 
above it ; and 1, on the vernier, is * 010 below y on the scale. Hence, 
if the lines 6, c, rf, and 1 be moved in succession into line with 
the divisions next above them, D would be raised ' 004, • 006, 

• 008, and • 010 ia succession, and would read. 29 • 504, 29 • 506, 
29 • 508, and 29 • 510. Thus, coincidences of lines on the vernier 
and the scale at the numbers 1, 2, 3, 4, 5, on the vernier, indicate 
that D is raised above the scale line next below it by 1, 2, 3, 4, 
or 5 hundredths, and coincidences at the intermediate lines mark 
the intermediate even thousandths of an inch. 

The application of this will be seen from Fig. 3 (p. 6). The 
bottom of the vernier D having been brought into coincidence 
with the top of the mercury, the scale line just below D is 29 * 650. 
Looking carefully up the vernier, the third line above the figure 
3 is seen to lie evenly with a line on the scale. The number 3 
indicates '030, and the third subdivision '006; so that D is 

• 036 above the scale line next below it, and thus we get — 

Reading on scale - - 29*650 

x> ,. . r 030 

Keading on vernier - - -< ,^^^ 



Actual reading or height of mercury 29 • 686 inches. 

Sometimes two pairs of lines will appear to be coincident ; in 
which case the intermediate thousandth of an inch should be set 
down as the reading. Thus, suppose coincidences appear corre- 
sponding to 29 • 684 and 29 • 686, then 29 • 685, half way between 
them, should be adopted. 

Corrections op Readings op the Barometer. 

As the colunin of mercury lengthens when heated and shortens 
when cooled, it is necessary to make an allowance for this, called 
the Correction for Temperature, to show what the reading would 
have been at the temperature of 32° F., which has been adopted 
by common consent as the standard temperature to which all 
barometric readings are reduced. A similar correction is also 
required to compensate the variations of temperature of the brass 
scale. It is therefore essential to make and register a careful 
reading of ihe thermometer fixed to the instrument^ usually 
called the attached thermometer, whenever an observation of the 
barometer is made. When the thermometer attached to the 
barometer is above 28°, the correction, for which a table will be 
found in tlie Appendix (p. 40), must be subtracted, and when at or 
below 28°, must be added. 

The readings taken on board ship, where the temperature is 
usually above the freezing point, will, therefore commonly be higher 
than the values given on charts which show the mean height of 




The mode of reading off tlia height, when ttie vernier !iae 
been aetj may be learned from a study of the diagrams, Figa. 
2 and 3 in which A B represento part of tlie scale, and C D 
the vernier, the lower edge D of which has been brought to 
coincide with the top of the mercurial column. The scale is 
readily understood; B is 29 '000 inches; the first line or divi- 
sion above B is 29'050; the second line or division 29'100, 
and 80 on. The first thing is to note the scale division just 
below L), and the next is to find out the division of the vernier 
which is in one aud the same line with a division of the 
scale. In Figure 2 the lower edge of the vernier, D, is repre- 
sented in exact coincidence with scale division 29 ■ 5 ; the barometer 
therefore reads 29-500 inches. Studying it attentively in thia 
position it will he perceived that while the top C agaio coincides 
with a line on the scale, the otiier divisions of the vernier are more 
or less separated from the divisions of the scale nearest to them. 
As was before pointed out, one division of the vernier is ■ 002 inch 




smaller than one division of the scale, coiiser|ueully with the vernier 
in the position shown in Fig. 2 the division a is '002 inch below 
the nearest line, z, of the scale If, ihereforo, the vernier be moved 
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the barometer, corrected for temperature, the difference depending 
on the temperature at which the barometer on board happens to 
be at the time the reading is taken. For a temperature of 80° 
and a barometrical reading of 30 inches, the correction, to be 
subtracted from the observed height, would be 0' 138 inches. 

The marine barometers supplied by the Meteorological Office 
are so constructed .as to obviate the necessity for applying cor- 
rections, either for capillarity, which tends to depress the mercury 
in the tube, or for the varying quantity of mercury in the 
cistern, which are required for some barometers. Where such 
corrections are needed their amount is commonly engraved on the 
instrument. 

As the pressure of the air is reduced as we rise above the sea 
level, a correction of the barometer readings is also required to 
show the pressure at sea leveL It amounts to about * 001 inch 
for each foot above the sea, and is always to be added. On board 
rship the height of barometers above the sea level being usually 
small, and not being liable to vary, this correction will commonly 
be unimportant. 

It being important that a ship's log should contain a faithful 
record of the observations as actually made from time to time, the 
authenticity of which shall not be open to any doubt, no cor- 
rections such as are described above should be applied to the 
original entries by .the.observer. 



BAROMETRIC PRESSURE. 

Connexion of Changes of Barometric Pressueie with 

Changes of Weather. 

All wind is air set in motion in consequence of differences 
of pressure in the atmosphere at different places, the force and 
dangerous character of the wind, as well as the changes of 
weather generally, being closely related to the amount of the 
disturbance of pressure which accompanies or causes them, and to 
the rapidity with which those disturbances take place. The baro- 
meter furnishes the seaman with the means of ascertaining with 
considerable certainty both the magnitude of these disturbances and 
the manner in which they are occurring, and it is the object of this 
Manual to explain how this knowledge may be best obtained and 
applied. 

If the readings of the barometer be taken carefully and regu- 
larly at equal intervals of time, it will be found that consecutive 
readings mil rarely exactly coincide with one another. By such 
observations the changes which take place from hour to hour and 
from day to day in the pressure of the atmosphere may be observed 
and recorded, and useful indications obtained of the approach of 
disturbances likely to be accompanied by strong winds and storms. 

The barometer should therefore be set and read at regular hours, 
if possible at 4-hour intervals, or in doubtful weather more fre- 
quently, and the readings entered in the log. This is of primary 
importance, for if such a record is not kept, the person who con- 
sults the barometer will have no means of knowing when the 
instrument was last set, or a.t what rate any change he may notice 
is taking place. 

The changes of pressure shown by the barometer may con- 
veniently be classed as those which are regular or irregular in 
their occurrence, or, in other words, those that are periodical 
or non-periodical. The periodical changes of pressure, which 
depend on the time of the day or year, are hardly connected with 
changes of weather, it being the non-periodical which specially call 
for attention, as being indicative of probable strong winds or 
dangerous storms. 

Influence of Temperature on Barometric Pressure. 

All the changes in the pressure of the air, whether periodical 
or non-periodical, depend mainly on the changes of temperature, 
which take place at different hours of the day, or at the various 
seasons of the year, or arise at different places on the earth from 
various causes, among which may be mentioned, position with 
respect to latitude, distribution of land and sea, greater or less 
abundance of cloud or rain, or quantity of vapour in the air. 
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speaking generally, since air espnnds with licat and contracts 
with cold, the result of any place being more heated tlian its 
neighbourhood ia that the air over it expands, and the higher 
strata flow away from it over the surrounding less heated area. 
Conversely, over a relatively cold area the air will conti'act, and 
the upper strata will flow in towards it from the neighbouring areas. 
Over those linats from which tlie air thus flows the pressure will 
be reduced, while over those to which it flows the pressure will 
be increased. 

The accompanying charts (Plates I. and II., at the end of the 
volume), to which frequent reference will be made here:ifter, show 
the mean barometric pressure over the globe for the months of 
January and July respectively, according to the beat data available. 
On thepe charts lines are drawn, at intervals of each tenth of an 
inch, showing where certain barometric pressures indicated by the 
figures upon them, are observed. These lines are termed isobaric 
lines, oi- isobars, because they pass over places havlug equal baro- 
metrical pressure. 

From these charts it will be seen that, speaking generally, 
in both hemispheres, in the winter, the barometer is highest 
over the land, which is then colder than the sea ; and lowest over 
the sea, which is then warmer than the land. In the summer 
the barometer ia lowest over the great continents, which are 
then relatively hot, and highest over the sea, which is then 
relatively cool. The summer and winter occurring at opposite 
times of the year in the north and south hemispheres, the greatest 
development of high pressure in the northern hemisphere is seen 
in the January chart, and in the southern hemisphere in the July 
chart, and vice versd. 

Over the equator, and between the tropica, where the tem- 
perature is always comparatively high, the barometer is low 
relatively to the neighbouring zones just beyond tlie tropics, where 
t'le temperature is relatively low, and the barometer is high. 

The variations of pressure which thus arise over certain tracts 
of sea and land, are the origin both of permanent winds, such 
as the Trades, and of periodical winds, such as the Monsoons, 
those last named following a corresponding periodical change of 
prossmra over the tracts where they are established. 



DieTRiBuTioH OP Mean Earometeic Prbssube. 

Before proceeding to consider more at length the relations 
which exist between winds and barometric presEurc, it is desirable 
to convey to the seaman a general conception of the usual distri- 
bution of pressure over the globe, and of the readings he may 
expect to oDtain, as well as of the inferences which he may deduce 
fi-oin his actual observations. 

With this object it is necessary again to refer to Plates I. 
and II., on which are shown the average or mean barometric 
pressure (reduced to the sci level and for a temperature of 
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^2^ Fi^renheit*) over the several oceans and seas. One chart is 
V>r the month of January ; one for the mouth of July ; these months 
having been selected, because in them the pressure differs in 
opposite directions most widely from the mean of the year. It 
Bvill not be difficult from these to estimate with fair accuracy the 
probable mean pressure for any of the intervening months. 

The main features brought out by an examination of these 
charts are that over the scathe pressure is more uniform throughout 
the year than over the continents, and that, roughly speaking, the 
ocean, the part of the earth's surface which more immediately 
concerns the seaman, may be divided in respect of barometric 
pressure into five great areas. 

First, a belt of moderately low pressure shows itself over 
the equatorial regions. Then, North and South of the equatorial 
region, are two belts of high pressure. Proceeding to the higher 
latitudes, and towards the poles, we again find two areas of low 
and diminishing pressure ; a marked feature of the great Southern 
and Antarctic seas being a zone of low pressure forming a 
complete circuit of the globe, which, during the entire year, on 
the parallel of Caj>c Horn, is indicated by a depression of the 
column of mercury to 29 • 50 ins., or fully half an inch below the 
pressure prevailing generally over the navigable oceans, and further 
south this depression has still been found to increase. 

In the equatorial i)arts of these great oceanic areas we find 
that the barometer stands at, or close to, 30 * inches ; in the 
Atlantic Ocean for 10° of latitude on either side of the equator 
the yearly mean is 29 * 97 ins. From the tropics to about the 40th 
parallels of North and South latitude, the barometric readings 
are above 30 * inches, and in the central parts of the oceans read- 
ings as high as 30 * 2 are found over large areas. 

Proceeding into the higher latitudes North and South of the 
parallels of 40°, the pressure diminishes, and, as above stated, 

* The coant obsenations have, in all cases, been corrected to the level of the sea, 
and both land and sea observations haTe been reduced to the temperature of 32** 
Fahrenheit. For purposes of comparison between the charts and barometer readings 
as actually observed, it is therefore necessary for the navigator to allow for the 
temperature correction, which, as the readings will not vary greatly from 30 inches 
aft the sesr-level, will amount to about 0*014 of an inch for every 5** of temperature 
above or below 28 J°, and should be added to the values shown on the charts, or 
subtracted from his own observations, according to the following table: 

Temp, of Air Correction, 

or Attached Thermometer. Height of Barometer 80* inches. 



36° - - - - 0018 

40 - - - - 0-031 

50 - - - - 0*058 

60 - - - 0*085 

70 - - - - 0*111 

80 - - - - 0«138 

90 - - - - 0-164 



Add to values on charts, 

or 

Subtract from observed 

values. 



For example, m the Atlantic Ocean on the Equator, with the barometric line of 
chart 29-900, and the temperature 80° Fahr., the Navigator's barometer would be 
30-038. 

When the air temperature is below 28 J° F. the corrections must be subtracted from 
the values on the charts, or added to the observed values, to admit of proper com- 
parison. 

See also page 7, on corrections of readings of the barometer. 
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markedly so in the southern hemisphere, for on the parallel of the 
southern part of New Zealand, lat. 45° S., the mean pressure 
during the year is not more than 29 * 70 ins., and on the parallel 
of Cape Horn, lat. 55'' S., is about 29-45 ins. On the 70th 
parallel the barometer scarcely reaches 29 * inches. In mid- 
winter in the northern part of the Atlantic Ocean, South of 
Greenland and Iceland, an area of low pressure, 29*4 inches, 
exists, which disappears in mid-summer, the barometer then 
standing half an inch higher. 

In the British Islands and adjacent waters, proceeding from 
South to North, the mean barometric pressure ranges during 
ordinary weather from 29 * 95 inches to 29 * 65 inches in mid- 
winter, and from 30 * to 29 * 80 in mid-summer. 

From these charts it will also be seen, that during a voyage, 
made at any period of the year, from England to the Australian 
Colonies by way of the Cape of Good Hope and thencie back to 
England by way of Cape Horn, the readings of the barometer 
will, in the average conditions of weather, and in the absence of any 
disturbing atmospheric causes, have varied as much as seven-tenths 
of an inch, that is between 30 ' 2 inches, found in the high pressure 
areas of the North and South Atlantic Oceans, and 29 • 5 inches, 
found in the low pressure zone on the parallel of Cape Horn. 

On the other hand, in a voyage from London by way of 
the Suez Canal to Bombay or Calcutta, or to ports in China, the 
barometer, under similar average conditions of weather, will not in 
mid-winter (January) stand below 29 * 9 inches, whereas in mid- 
summer (July) the readings will range from 30 • 1 inches in the 
Atlantic Ocean to 29 * 55 at the Indian ports, and 29 * 65 inches 
in the Chinese ports ; the low pressures last named mainly depend- 
ing on the high summer temperature of the adjoining great con- 
tinental masses of land, due to the influence of a nearly vertical 
sun.* 

* The utility of charts of barometric pressure for the guidance of seamen having 
been explained, it is desirable to add a few remarks concerning the trustworthiness 
of those which accompany this volume. They show the average or mean values 
derived either from observations made in the principal seaports of the globe, 
extending occasionally over many years, or from the observations of seamen over 
the more frequented parts of the oceans made during the last 25 years, and are 
the result of great labour at the hands of many distinguished men of science 
in this and other countries, who have taken part in their compilation and discus- 
sion. For the less frequented parts of the oceans numerous observations still are 
required, and many years must elapse before perfect accuracy throughout can be 
assured. The seaman, nevertheless, may accept these charts as reliable aids to the 
knowledge of the distribution of atmospheric pressure and to the interpretation of 
the varied readings of his barometer fh>m day to day in voyages on all parts of 
the globe. 
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VARIATIONS OF PRESSURE. 

Variations of Pressube from Mean Values. 

Such being the mean barometric pressure over the eeveral 
oceans in the two months (January, July) in which the pressure 
differs most from the mean of the whole year, it is next important 
to learn the extent of the variations from the mean values which 
are likely to be observed, and what is to be inferred from these 
variations. 

In all climates and at all parts of the earth the pressure of the 
air and the height of the mercury in the barometric column are 
constantly varying. In the hicrher latitudes these variations 
have a range of two inches and more, and the familiar terms 
of a " high " and " low " barometer are applied when there is some 
marked difference in the readings above or below the average 
value at a given place. Moreover, as wind is a more or less 
direct consequence of alterations in the pressure of the atmo- 
sphere, it becomes desirable to discriminate carefully between the 
varying degrees of iniportance to be attached, in different seasons 
of the year and in different latitudes, to any observed high or low 
barometer, in relation to the winds which accompany, or result 
from, the alterations of pressure so indicated. 

As before stated, changes of pressure may be classed under 
two heads, — ^periodical and non-periodical. , The periodical changes 
recur at nearly regular intervals, following the regular change of 
temperature during the course of the day and the year, and the 
weather may be considered as practically independent of them ; 
on the other hand, the non-periodical or irregular changes are 
indicative of disturbances of the atmosphere which cause depar- 
tures from the regular or average condition, and it is with these 
that the changes of weather which mainly concern the seaman are 
directly connected. 

Periodical Variations of Pressure. 

Of the periodical changes the diurnal variation^ though small 
in its amoimt, chiefly demands the consideration of seamen wheii 
navigating in the tropical and adjacent seas, where it is one of the 
most regular of recurring phenomena. 

This diurnal variation of pressure consists of a double oscilla- 
tion, there being two periods of increase and two of decrease ; 
the barometer rising from about 4 a.m. to about 10 a.m., 
then falling to about 4 p.m., and again rising till about 10 p.m., 
when it once more falls to 4 a.m. The morning maximum is 
commonly, but not invariably, higher than the night maximum ; 
and the former usually occurs rather before than after 10 a.m., 
while the latter tends rather to be later than earlier than 10 p.m. 
The afternoon minimum is, with rare exceptions, lower than the 
morning minimum, and occurs rather after than before 4 j).m. 
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At sea the diurnal variation attains ita greatest magnitude 
within the tropics, and gradually diminishes in higher latitudes, 
being hardly perceptible within the arctic or antarctic circles. The 
extent of the oscillation of the mercury due to this cause, at any 
place at different times of the year, depends much on the range of 
dfuly temperature, and the times of maxima and minima are 
influenced by the times of sunrise and sunset. At sea and within 
the tropica, therefore, the range of temperature and the length 
of the day not being subject to any considerable cliange in the 
course of the year, the diurnal variation does not change in any 
important feature from one month to another. On land and 
beyond the tropics it is otherwise, and the daily range of pressure 
fluctuates both in amount and period accordingly. 

In tropical seas the daily range of the barometer between the 
highest and lowest may be taken at about ' 07 of an inch or * 08 
of an iuch, the greatest rise above the mean of the 24 hours being 
somewhat leas than the greatest fall below it. The mean pressure 
in these seas will be found to occur between noon and 1 p.m, and 
between 6 a.ni. and 7 a.m. 

At Calcutta the daily range vai'ies from about 0*14 inch in 
April and May, when the range of temperature is greatest, to 
about ■ 09 inch in July, when it is least.* 

In the British Isles the changes of pressure due to this 
cause ai'e hardly more than one fourth of those observed in the 
tropics, amounting on the average to about U ' 02 inch, so that 
unless in very calm settled weather the daily oscillations can 
seldom be recognised in the hourly readings of the barometer 
during a single day, though they become q^uite apparent in the 
means of such a period as a month. 
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• Tho following eiamples ace inaWuctiTe; the Tslues (in decimals of an inch) 
iDdicalcd by + and — signs, show approximately the mean rise or fall above 
and below the average reading of the barotaeter. 

MAUBiTins [SO" S. lat.]. 



Calcutta [32 J" 


N. lat.]. 


ASCENBION [8° S. lat.] 








J»n. 


July. 


Mean Tear. 


8ia.m.--019 


-■017 


3 B.m.--020 


9Ja,m.+ -076 




9 a.m.+ 035 


4p.m.- -051 


-■054 


3ip.m.--n40 


l4p-in-+-008 


+ ■026 


10 p.m.+ ^037 



3ia.m.--01 
9|a,m.+ -0a 
3|p.m.-04 
9jp.m.+--02 
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The diagram above, Fig. 4 (p. 14), represents the mean curve of 
daily range of the barometer for the central portion of the 
Atlantic between lat. 5° N. and the equator, which may be taken 
as typical of the daily variation in tropical seas. li\ then, the 
seaman in the tropics observes in his barometer readings any 
marked deviation from such a curve he may anticipate that some 
considerable atmospheric disturbance has arisen, and that a change 
of weather, possibly a humcane, is impending. 

The annual variation of pressure is also a well-marked 
phenomenon within the tropics both on land and sea, following 
the apparent movement of the sun North and South of the 
equator, and giving rise to modifications of the Trade winds, and 
producing periodical winds such as the Monsoons of the Indian 
Seas. The extent of the variation thus caused is indicated on the 
charts. In the tropical seas it amounts to about 0*10 inch between 
the highest and loAvest monthly mean, on approaching the land 
it becomes much greater, being about • 30 inch at Bombay, while 
at Calcutta it reaches • 45 inch, and in the interior of Asia the 
yearly variation is as much as • 80 inch. 

As, however, the annual variation takes place very gradually, 
it has no characteristics which make it of special importance to 
seamen in relation to possible sudden changes of weather, and it 
calls for no further comment here. 

NoN- Periodical Variations of Pressure. 

The non-periodical changes of pressure, which, as before said, 
are those immediately associated with changes of weather, next 
demand notice. The extent of these changes, under ordinary 
conditions, and taking the average of the various seasons of the 
year, varies with the latitude, being smallest near the equator and 
increasing as we recede from it. 

Within the tropics, the ordinary fluctuations of the baro- 
meter, including the diurnal variation, seldom exceed ^ three or 
four tenths of an inch, except in the event of one of those furious 
and dreaded revolving storms commonly known as hurricanes, 
cyclones, or typhoons (according to the part of the globe in 
which they occur), when the barometer may fall much more, as 
will be more fully explained hereafter, and in the dangerous part 
of the storm field may fall to the extent of two inches or more. 

At Ascension in lat. 8° S., the greatest range observed in 
two years scarcely reached four-tenths of an inch. The highest 
reading, 30*178, was recorded in June, the lowest, 29*800, in 
April. Similarly, in the tropical zone of the Atlantic Ocean, 
between the Equator and 10° N. lat. and between 20"" and SQP W. 
long, (as extracted from a large mass of observations extending 
over many years), the highest reading, 30*138, was observed in 
July, the lowest, 29 * 725, in December, a range of only 0*413. 

The range of the barometer gradually increases with the lati- 
tude, and appears to reach its maximum — at least in the northern 
hemisphere — ^between the 60th and 65th parallels ; thence towards 
the pole decreasing. The magnitude of the range in the higher 
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latitudes, as compared to the tropics, is exemplified in the British 
Islands, where the average range in the course of a month is 
about 1 • 7 inch for January, and • 9 inch for July. 

Between the years 1841-58, the highest barometer reading 
at Greenwich was 30 • 695 inches ; the lowest 28 • 460 ; the range 
being 2 • 235 inches. Older records give a range of 3 inches, 
30 * 9 to 27 * 9, but these excessive ranges must be considered 
exceptional, and refer to a long series of years.* 

The following tabulated values, arranged according to latitude 
have been compiled &om all available authorities, and may, under 
ordinary conditions, and excluding exceptional storms of great 
severity, such as tropical cyclones, be accepted as the approximate 
range of the barometer, in the months of January and July 
respectively, over the several oceans : — 

January* July. 

Indies* Inches 

Between 65° and 60° N. - 1 • 70 to 1 • 80 - 1-0. 

60° „ 50°,, - 1-80 ,,1-50 - l-OOtoO-80. 

50° „ 40° „ - 1-50 „ 1-25 - 0-80 „ 0-60. 

40° „ 30° „ - 1-25 „ 0-65 - 0-60 „ 0-40. 

30° „ Tropic - 0*65 „ 0-40 - 0-40 „ 0-30. 

Tropic „ Equator- 0-40 „ 0-20 - 0-30 „ 0*20. 

Equator „ Tropic - 0-20 „ 0*35 - 0-20 „ 0*35. 

Tropic „ 30° S. - 0'35 „ 0-55 - 0-35 „ 0-60. 

30° „ 40°,, - 0-55 „ 0-80 - 0-60 „ 1 -00. 

40° „ 50° „ - 0-80 „ 1-20 - 1-00 „ 1-60. 

50° „ 55° „ - 1-20 „ 1-30 - 1-75, 

For the smaller ranges the assumption that the variations of the 
height of the barometer are of nearly equal amount on each side 
of the mean reading is suflSciently exact for practical purposes ; 
in the greater ranges it requires modification. An examination of 
the behaviour of the barometer at Greenwich, between 1841 and 
1858 (excluding extraordinary disturbances), goes to show, that in 
January — as typical of the winter months when the fluctuations 
are greatest — the mercury falls below the mean reading in the 
proportion of about five parts of the whole range to a rise above 
the mean reading of three parts of the whole range ; while in July 
— as typical of the summer months when the fluctuations are least 
— the rise and the fall in the range appear nearly equally divided. 

Thus with an average barometer reading in the English Channel 
of 29 • 95 inches, we should have in the winter, with a range of 
1 • 6 inch, a fall of • 95 and a rise of • 65 as representing 
the lowest and highest barometer (29*00 and 30 '50) that 
might be expected. Under similar conditions, in the southern 
hemisphere, when off Cape Horn, with an average barometer of 
29 • 50 inches and a winter range of 1 • 75 inch, 28 • 40 and 30 • 15 
would represent the probable lowest and highest readings. 

By the aid of these considerations, an estimate can be formed 
with a fair approach to precision from the figures in the above 

* In the storm of Jan. 26, 1884, a reading of 27*82 ins. was recorded, at 
Eilcreggan, near Greenock. 
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table^ and those entered on the isobaric charts^ of the probable 
ordinary range of a high or a low barometer at any place where a 
vessel may be, from which, when compared with the barometrical 
readings taken in the vessel, a judgment may be come to whether 
there is any serious departure in these readings from the mean 
value of the pressure either in the way of excess or deficiency, 
and this knowledge^ combined with observations of the actual 
direction and force of the wind^ and of the changes that take place 
in these, will furnish the seaman with the means of guiding his 
action with confidence, as will be further explained hereafter. 



Be 2432. 



i 
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WINDS, THEIR CAUSES AND DISTRIBUTION. 

Causes which Determine the Force and Direction 

OP the Wind. 

The force of a wind accompanying a difference of pressure over 
two areas is found to be greater as that difference is greater, and 
it therefore depends not on the mere height of the barometer at 
the ship, but on the difference between that height and that which 
subsists over the neighbouring seas. T^ese differences of pressure 
are spoken of as barometric gradients ; and the standard for their 
comparison that has been adopted by international agreement is 
the difference of pressure, expressed in hundredths of an inch, in 
15 'miles of distance. The greater the difference, tie steeper will 
be the gradient, the closer will be the isobaric lines on a chart 
representing the pressure, and the stronger will be the winds. 

But the direction of the wind is governed by another very 
distinct influence which it is important to understand clearly, as it 
fundamentally affects all classes of wind, and calls for special 
attention in the case of the most dangerous winds, namely, 
hurricanes or cyclones. 

The air, when apparently wholly at rest, and a complete calm 
prevails, is in truth revolving with great rapidity together with the 
earth. The velocity of the earth's rotation at the Equator is about 
1 ,000 miles per hour from West to East, and it gradually diminishes 
towards the poles where it vanishes. So long as the air remains 
at rest (relative to the earth's surface), this movement of rotation 
is not sensible, but it at once becomes effective if the air is 
impelled to a latitude having either a higher or lower velocity of 
revolution. In the former case, air possessed of a less velocity 
from West to East reaches a part of the earth's surface having 
a higher velocity, and therefore appears to be impressed with a 
movement from East to West, or contrary to the earth's direction 
of revolution, equal to the difference between the two velocities, 
though the friction against the earth's surface of air passing from 
one latitude to another soon reauces the initial excess velocity of 
movement, or makes good the deficiency.* 

In the northern hemisphere, for the reason thus stated, a 
current of air setting from a lower latitude to a higher, gives 
rise to a South-westerly wind, and a current in the opposite 
direction to a North-easterly wind. When, therefore, an area of 
low pressure arises North of the Equator, surrounded by compara- 
tive high pressure, the primary tendency of the air to flow from 
the outside towards the centre of the area of low pressure will be 
modified, so as to impart a more Easterly direction to the wind 
in the northern half of that area, and a more Westerly direction 
to the wind in its southern half, the joint influence of which will 
be to set up a circulation round the centre of lowest pressure from 



* This explanation is sufficient for the purposes of this Manual, though not a 
complete statement of the laws that govern the movement of the air on the earth's 
surface, which could not be given in a treatise such as the present. 
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West b; Sonth through East and North round ^ain to the 
West. In the eouthem hemisphere a Bimilar circulation would be 
established, but in the opposite directioa. Winds thus circulating 
round an area of low pressure are spoken of as cyclonic, as 
they have the characteristic motion of the great storms known ns 
cyclones. 

It will readily be seen that in like manner air flowing from 
an area of high pressure on all sides into a surrounding area of 
low pressure, will in the northern hemisphere develop a circulation 
In the opposite direction to that caused round an area of low 
pressure, that is, passing from East by South through West and 
North back to East. Winds thus circulating roimd .an area of 
high pressure are termed antiey clonic, because they travel in a 
direction opposite to that of the cyclonic winds. 

What has been termed Buys Bullot's law, it having been first 
publicly announced in Europe by Professor Buys Ballot, of 
Utreclit, is the general statement of the facts thus explained, and 
it may be thus enunciated : — 
For tbk Northehh Hemisfhb&e. For the Socthern Hsuisfhebe. 



Stand with yonr back to the 
wind, and the barometer will be 
lower on your left hand than on 
your right. 



Stand with your back to the 
wind, and the barometer will be 
lower on your right hand than on 
your left. 



In the Northern Hemisphere, whenever we are within or on the 
borders of an area of low barometrical readings, the wind blows 
round it against watch hands, and whenever we are within or on 
the border of an area of high readings, the wind blows round it 
leith watch hands. In the Southern Hemisphere the converse 
is true in both coses. 

Fig. 5. 




CiaCULATIOM OF THE WlKD IN * ClCLOKlO SlHTBH. NOKmKltM BBMISPBBBB. 

B 2 
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Fig. 5 (p. 19) illuBttatea tlie application of the foregoing observa- 
tions to the Northern Hemisphere^ It shows the conditions of 
biirometriciil pressure, miil the direction and force of tlie wind 
consequent on the formation of Jtn area of low pressure over the 
British Isles. 

The lines drawn on the map are isobars, which, as before stated, 
are lines indiciiting equal barometrical readings. The arrows 
indicate the direclion and force of the wind ; arrows with one 
barb signifying light winds, two barbs stronger winds, those 
representing gales lieing feathered. 

It will be seen tliat, in accordance with Buys B^iUot's Law, 
the wind blows so that at each point the observer with his back 
to the wind would Iiave a lower barometer on his left hand than 
on his right. Further, though circulating generally round the 
isobaric lines, the arrows cut these lines at an acute angle, and 
generally so as to show an indraft towards the area of lowest 
pressure. 

No general law has yet been established determining the angle 
of indraft of the wind, that is to say, the angle which the wind 
makes with the direction of the isobar at the place, but it is 
generally agreed by meteorolofiists that 20" may be taken as a 
fair average value of this angle, though it is not certain that it 
is the same in all azimuths. 

Inasmuch as the distrihuiion of barometric pressure is subject 
to almost infinite variety and change, the occurrence of regulariy 
formed areas of high or low pressure over any place is com- 
paratively rare, but the more violent the wind the more regular 
does the distribution of the isobars round the centre of a cyclone 
tend to become, and whatever be the arrangement of the isobars, 
the winds will be foimd to blow along or round them in accordance 
with the general principles that have been e^cpliuoed, as is shown 
in Figp. 6 and 7. 

Fig. 7. 
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Prevailing Winds at various Seasons over different 

Parts of the Globe. 

From these considerations it will be seen how a knowledge of 
the relative distribution of mean atmospheric pressure on the 
earth's surface at different times of the year will enable us to 
indicate the prevailing winds, and, conversely, how a knowledge 
of the prevailing direction and force of the winds will enable us to 
indicate the relative distribution of mean atmospheric pressure. 

The main features of the relation between the mean barometric 
pressure and the prevailing winds over the globe are well described 
in the following extract from a work published in 1880 under the 
authority of the Meteorological Coimcil, and entitled " Aids to the 
Study and Forecast of Weather," by the Rev. W. Clement Ley, 
and will usefully supplement what has been previously said on 
these subjects : — * 

" The prevailing winds, shown by the arrows in Figs. 8 and 9 (p. 22 and 23), 
are determined by the interaction of these two general laws (i.e., the greater heat 
of the continents in relation to the sea, during the summer, and their greater 
relative cold in the winter), and it will he seen that these winds, as regards the 
relation hetween their direction, and the distribution of pressures, follow the 
law explained (i,e,. Buys Ballot's law). Thus over the Atlantic and Pacific 
Oceans the air currents pour out of the Northern and Southern belts of high 
pressure into the equatorial helt of low pressure, the latter shifting its position 
northward or southward according to the season of the year. On the polar 
sides of the helts of high pressure Westerly winds prevail, hlowing round 
and into the polar areas of relatively low pressure. Around the continents the 
winds exhibit seasonal variations, in great measure determined by the extent 
and configuration of the areas of high and low pressure which are produced 
over the land in winter and summer respectively. 

" The chart for January (Fig. 8, p. 22) shows us that at that period of the 
year the prevailing winds over Canada are North-westerly, the belt of this air 
current extending in fact nearly from the Mississippi to Davis' Straits. 
Further to the Eastward, over the western portion of the North Atlantic, the 
prevailing air current is from the West, while from the Azores up to the 
extreme northern point of Siberia an extensive South-westerly wind prevails. 
Two prolongations or arms are observed to extend from the area of low 
pressure whose centre lies to the south of Iceland, one of these stretching 
North-westward to Baffin's Bay, the other North-eastward over the Arctic 
Sea. An area of relatively high pressure existing over Greenland, Northerly 
and North-easterly winds are experienced in the high latitudes of the Atlantic 
and the Polar Seas. The area of reduceil pressure over the northern portion 
of the North Pacific is somewhat similar to that over the North Atlantic, but 
does not extend into such high latitudes. North-westerly winds therefore 
prevail at this season over the eastern portion of the continent of Asia, sweep- 
ing round through Westerly and South-westerly to South-easterly winds 
between Behring's Straits and Vancouver Island. Over the greater part of 
North America a well-marked area of high pressure exists at this season, the 
nucleus of which is nearer to the Pacific than to the Atlantic coasts, a fact 
which is probably due to the retention or banking up of the cold and dense 
atmosphere by the Rocky Mountains, which render it less easy for the air to 
escape westward towards the Pacific than in an eastward direction where the 
earth's surface presents fewer obstacles to its movements. A corresponding, 
but very much greater and more remarkable . area of high pressure, covers 
nearly the whole of Asia. This area has a somewhat similarly shaped nucleus 
which, probably, for a corresponding reason, lies near the eastern shores of the 
continent. 



* The charts which accompanied Mr. Ley's memoir have been modified and 
reduced in scale, as shown in Figs. 8 and 9. 
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" South of latitude 30° N. we find predominant North-easterly winds round 
the greater portiuo of the globe, extending in most regions to th€ Equator, 
In the Indian Ocean these air currents cross the Line, and, chan({ing in their 
direction in obedience to the law of relation between wind and pressure for the 
Southern hemisphere, there blow from North-west and constitute a North-west 
" Monsoon," or pMiodical wind. 

" Januaiy being a summer month in the Southern hemisphere, areas of low 
preainre are exhiuited oru the interiors of the Sonthem Continents, South 




America, the Southern part of Africa, and Australia, around which the winds 
neceua^T tend to circulate in a direction from the A«nt towards the right 
hand. These last-mentioned continental districts form at this season inter- 
ruptions in the Southern hemisphere high-pressure belt. 

" To the South, agun, of this belt the mean pressure rapidly decreases, and, 
M fitj aa ships go, south of latitude 40° S., Westerly and North-westerly wind 



appear to be predomiiKUit rouad the globe, blowiof; with a force and per- 
■istenc]' which has given to this r^ion, in the language of the sailon, the 
title of the ' itoariag Forttes.' 

" In the Bprinfi of the Northern hemisphere a great and rapid change takes 
place in the diatribution of mean pressures over that half of the globe. This 
change is leaat marked in the oceanic districts of the high-[)ie«aiiTe belt. Over 
the interior of the <M>ntinents the barometerB tiall brisk!]', this change being 
much the most serioiu over the southern part of Asia. At the same time, ana 
owing probably to this dialodgment of a portion of the atraoaphere ^m the 




continental diatricts, a marked though temporary increase of pressure occurs 
in high Utitudes, a fact to which the North-easter!]' surface winds, so frequently 
experienced in the British Isles at this season, seem to be due. The equatorial 
aone of low pressure is now travelling nortbwMds, and over a portion of the 
North Indian Ocean, where this zone coalesces vrith the continental area of low 
preaaure, the winds which are felt as the South-east Trade on the south of the 
I^e, are felt on the n<«th of it as an incipient South-west Monsoon. 
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" This being the autumn of the Southern Hemisphere, pressure is increas- 
ing over the southern portion of South Americi^ South Africa, and Australia. 

*' Most of these changes have reached their consummation in July (see 
Fig. 9 p. 23). Mean pressure is now low over the interior of North America, 
the major axis of this depression nearly coinciding with that of the figure of the 
continent. A similarly shaped, but far vaster, depression lies over Central 
Asia, causing the winds in the extreme east of Europe to become North- 
westerly. T%e area of very low pressure noticed over the North Atlantic in 
our winter has now almost ceased to be traceable. The equatorial zone of low 
pressure has crossed the Line on the Atlantic side and apparently on a portion 
of the Pacific side also ; and the South-east Trades, where they penetrate into 
the Northern Hemisphere, are felt as South-westerly winds in lower northern 
latitudes. The conditions already described as showing themselves over the 
North Indian Ocean in spring are now greatly intensified. Meanwhile the 
depression noticed in winter in South Africa nas crossed to the northern 
portion of that continent, causing predominant Northerly winds over the 
Mediterranean. In the Southern hemisphere the high-pressure belt is now 
very wide and well marked, and appears to extend round the globe. 

" In our autumn the general changes are the reverse of those noticed during 
the spring, and their character may therefore be easily inferred. It will be 
sufficient here to call attention to the rapid development of the area of low 
mean pressure in the neighbourhood of Iceland about the time of our usual 
autumnal storms, as contrasted with the increase of the northern pressures in 
spring. 

*' One inference deserves mention here. Since the winds, in respect of one 
component of their potion, flow across^ and not directly along tne lines of 
equal pressure, it is obvious that in order that the pressure areas should be 
maintained the circulation of the atmosphere must be vertical as well as 
horizontal ; that is to say, whatever air passes over the earth's surface from 
the areas of high pressure to those of low must be restored in upper-currents 
from the latter to the former. Observations on the movements of the higher 
clouds bear out the truth of this statement. The return currents over the 
Trade winds are freauently noticed ; and in our own latitudes it is observed 
that when you stand with your back to the wind the movement of the higher 
clouds is most commonly a little from your left hand to your right." 
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WINDS AND STORMS OF THE TEMPERATE ZONES. 
Winds of the Atlantic Ocean, which are typical 

OF THOSE OF OTHEB SeAS, 

The Atlantic Ocean will supply types of the winds usually met 
with in other seas. From Fig. 8, p. 22, it will be seen that an area 
of high pressure occurs in the North Atlantic between the parallels 
of 30° and 40° North; according to Buys Ballot's law, the wind 
draws round it, being Northerly on its Eastern, Easterly on its 
Southern, Southerly on its Western, and Westerly on its 
Northern side. The wind-arrows on Fig. 8 indicate such a 
circulation of the air. 

A seaman, therefore, outward bound from England, say, to the 
Cape of Good Hope, passes from the North-east to the East and 
South-east side of an area of high pressure lying to the Westward 
of him, and as he approaches the coast of Portugal, the wind 
very generally comes from North-west, gradually shifting to North 
and North-east as he proceeds to the Southward. 

On the other hand, when a homeward-bound ship approaches 
the Northern verge of the N.E. Trades, she finds that the wind 
draws to the Eastward, with a rising barometer. As the area of 
highest pressure is reached the barometer ceases to rise, and the 
wind dies away. These are the dreaded " Calms," or, as Maury 
calls them, ** Doldrums of Cancer.'* There being no difference 
of pressure there is no wind, and these calms coincide with a 
large area of high and even pressure, where a ship will experience 
little or no wind until she has crept to a part of the sea where 
the pressure commences to decrease. 

If, as occasionally happens, it is found that the N.E. Trade 
gradually turns into a S.E., S., and S.W. wind, it will be under- 
stood from what has already been said, that a vessel experiencing 
these changes has passed round the S.W., W., and N.W. sides 
of this area of high pressure, thereby avoiding the region of calms 
altogether. 

There is a similar area of high pressure in the South Atlantic, 
with a corresponding circulation of the wind round it. 

The homeward-bound ship, after rounding the Cape of Good 
Hope, is at the polar edge of the S.E. Trade on the Eastern side of 
the South Atlantic, just as the outward-bound ship is at the polar 
edge of the N.E. Trade when off the coast of Portugal (see 
Fig. 8, p. 22 ), and the first wind she experiences is from S.W., 
changing to S. and S.E. as she proceeds to the Northward, which 
(according to Buys Ballot's law, when applied to the Southern 
hemisphere), shows that she has passed along the S.E., E., and 
N.E. sides of an area of high pressure. 

Again, the outward-boimd ship, as she draws towards the 
Southern verge of the S.E. Trades on the Western side of the 
South Atlantic, very generally experiences changes of wind to 
N.E., N., and N.W., which are the winds met with in the Southern 
hemisphere on the N.W., W., and S.W. sides of an area of high 
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pressure, corresponding to the winds already noticed as being 
experienced on the Western side of the North Atlantic. 

The study of Figs. 8 and 9 (pp. 22 and 23) will show how areas 
of high barometrical pressure occiu* in many other parts of the 
ocean 9 similar to those of the Atlantic^ and that corresponding 
winds circulate round them. 



Cyclonic Gales of the Temperate Zones. 

The great currents of the atmosphere, which give rise to the 
prevailing winds^ are thus seen to be regulated by the positions 
of the permanent areas of high and low pressure, and in these 
currents, subsidiary areas of low pressure make their appearance, 
and are carried along with them^ and these travelling areas 
frequently give rise to gales^ to the characteristics of which 
attention will be next given. 

En the Temperate Zone of the North Atlantic these gales^ 
which almost invariably travel to the eastward with the prevail- 
ing atmospheric current from the West, generally commence at S. 
and end at W. or N.W., with little or no East wind. The probable 
reason of this is that the areas of low pressure to which they are 
related have steep gradients only on their E., S.E., S., and S.W. 
sides, there being little or no diflFerence of pressure between their 
centre and the more permanent depression which lies to the North 
of them. 

The ordinary gales of high southern latitudes are similar in 
character to those of the Northern hemisphere. They also 
accompany areas of low pressure travelling to the Eastward^ and 
considering that an equatorial wind here is North instead of 
South, the winds are similar, for they commence at N., and end at 
W. or S.W., with little or no Easterly wind, probably because 
the pressure to the S. is much lower than that to the N. of the 
tract in which they occur. 

Whenever areas of both high and low pressure are liable to 
pass over any region it is obvious that the direction of the wind, 
taken alone, will not be a sufficient guide as to what weather is to 
be expected. If, for instance, in the Northern hemisphere an area 
of high pressure be passing ofl" to the Eastward, the wind in the 
rear of it will veer through S.E. to S. Although this direction of 
the wind shows that the barometrical readings are lower to the 
Westward than to the Eastward, it is not by any means an 
indication that a serious diminution of pressure, which may 
possibly bring a storm with it, is approaching, although the wind 
in front of such a depression would be Southerly also. It is 
therefore necessary in such circumstances to look for other signs, 
besides the mere direction of the wind, when striving to foresee 
what is coming. 

If we could tell the shape of an area of low pressure, its 
gradients, or the difference of pressure in a given distance on all 
sides, the rate at which it is increasing or decreasing in intensity^ 
the direction in which it is moving, and its speed, we could calcu- 
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late very correctly what sort of weather would be experienced at 
a land station or on board a phip at sea, and it is upon observa- 
tions of this description, made simultaneously at many places, that 
forecasts of weather are based ; but the seaman can have no certain 
knowledge of these data, and has to make the best estimate he can 
from the indications afforded by the wind and the barometer as 
observed on board his own vessel alone. 

Moreover, it must always be remembered that, although it is 
most commonly in connexion with considerable falls of the baro- 
meter that severe storms are experienced, yet the sudden large 
increase of pressure which not infrequently follows such depressions, 
or takes place in their proximity, may be accompanied by very 
violent winds. Caution, therefore, will always be requisite on the 
occasion of any sudden change of pressure, whether it be in the 
direction of increase or decrease. 

The cyclonic storms of the Temperate Zones do not often 
present the phenomena of a central calm, with the winds blowing 
from nearly opposite directions on each side of it. There is, 
therefore, not so much risk of being taken aback as in the tropical 
cyclones ; but it is advisable for a captain to know on which tack 
it will be safest to lie-to if obliged to do so, and this will be the 
same as that for the cyclones of the respective hemispheres. 

The most serious sudden shift of wind which is to be expected 
in these storms is that from South-west to North-west in the 
Northern hemisphere, or from North-west to South-west in the 
Southern. This is generally accompanied by heavy rain or hail, 
with thunder and lightning, while the temperature falls several 
degrees with the first blast of North-west or South-west wind, as 
the case may be, according to the hemisphere. 

In considering how to act in such circumstances, there are two 
matters to which the seaman's attention should be directed, as 
they seriously affect the conclusions he should draw from his 
barometer readings. 

The first is that on the one tack his barometer has a tendency to 
rise, on the other it has a tendency to fall. The tack of rising baro- 
meter is the starboard in the Northern, the port in the Southern 
hemisphere. This may be explained as follows : — 

According to Buys Ballot's law, in the Northern hemisphere 
(see Fig. 10, p. 28) the lower barometer is on your left when your 
back is turned to the wind, and as when you are thus placed a 
ship on the starboard tack is advancing towards your right, she 
goes towards the higher barometer and recedes from the lower. 
In the Southern hemisphere this is reversed, and the ship on the 
port tack advances towards the higher and leaves the lower 
barometer. 

But this rule will only be strictly applicable so long as no 
change takes place in the barometric pressure, and it may so 
happen that a high pressure towards which the ship is going 
may be receding from her faster than she sails, and a lower 
pressure may be coming up astern and overtaking her; or it 
may be that a lower pressure towards which the ship is sailing may 
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be moving away faster than she sails. Still the influence of the 
tack must always be felt, and on the whole it may be said that 
in the Northern hemisphere, a rising barometer on the starboard 

Fig. 10. 

A. Vessel on Starboard Tack. 
. B. Vessel on Port Tack. 




tack is not a sufficient indication of improving weather, and other 
signs should be looked for before trusting it. In all cases for the 
Northern Hemisphere a rising barometer on the port tack is a 
valuable indication of improving weather, while a falling barometer 
on the starboard tack is an important warning in the other 
direction. This order is reversed in the Southern hemisphere. 

The second point to consider is the relation which the course 
and speed of the ship bear to the tracks and i)rogress of the areas 
of low barometric pressure and their corresponding wind-systems, 
in parts of the sea where the general tracks of storms are known. 
This will be easily done by taking, as an illustration, the case of a 
steamer traversing the North Atlantic between England and 
America, where storms generally move in an Easterly direction. 

If a storm is advancing Eastwards at the rate of, say, 20 
miles an hour, and if the ship is steaming at the average rate of, 
say, 10 miles an hour, the result will be that when going west- 
ward the ship will have a relative rate of motion towards the 
storm of 30 miles an hour, but when going eastward, of only 10 
miles an hour. 

In other words, ships when outward bound across the Atlantic 
meet the advancing storm systems, which commonly travel from 
West to East, and when homeward bound run with them, 
consequently the rapidity with which the barometer falls or rises 
and the wind shifts is proportionately greater in the former case 
than in the latter. 
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Figa. 11 and 12 illustrate these caaea. The arrows fly with 
the wind, and the curves give the hcigbt of the harometer at 
every sixth hour. They represent observations taken hy Capt 
W. Watsou, of the Cunard steamer " Aljjeria," Fig. 11, duriog 
a passage to New York, ami No. 12 during a passage from 
New York, They are types of ihe diflR.'rences experienced, which 
are so great that it is often po^siblu to tell whether the vessel was 
steering to the eastward or westward by a compariaon of her 
harometer curves alone. 



5"wtft 


X| 


. , , 1 , 


#1 


m 


m 


Pf3^ 


- W. 


kS: 


.J_L... 


--4^ 


.^; ^:- 


ih- 


k^ 


^i^^ 



















^i — \ — 


^|i|||]||||||-rr 


■ - . , .....| ..... i^.... 


■ii-ifE 


14::! 


S:S:iri: 


F^jif-tiiZi^tb.- 


i'^ 


3St::-t.- 




_ _75: 


j- ■ -H* 




,;.;T;;,;-::::r 




Y?; IH" 











In Hg. 11, where the passive was to the Westward, the dates 
run from right to left. It shows that the barometer fell and rose 
quickly, and that the steamer met with six alternations of high and 
low pressure, with their accomp:knying wind-systems. Also, that 
the fall of the harometer was generally accompanied by a South- 
easterly or Southerly wind, and that with a rise the wind drew 
more Westerly and Northerly. 

In Fig. 12, where the passage was to the Eastward, the dates 
run from left to right. It shows that the barometer rose and fell 
slowly, and that the steamer experienced only two wind-systems ; 
also that the barometer rose with a Southerly and South-easterly 
wind, and fell with a Northerly wind, indicating that she moved 
to the Eastward faster than the wind-system which she was 
experiencing when starting ; in fact showing that she caught up 
and entered the Western side of anothet wind-system. 

Gaibs op tbb Nobth Temperate Zone. 

The ordinary gales of the North Temperate Zone commence at 

S.E. or S. and end at W. or N.W. If a ship in these latitudes 

experiences a fresh S. or S.E. wind, with a relatively high 
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temperature and faUing barometer, Buys Ballot's law shows 
that there is an area of low pressure to the W. or S.W. of her; 
and, as already said, it is probably travelling to the E. or N.E. 
Experience shows that whether the ship be hove-to or stands to 
the Westward, the barometer will fall until the wind shifts to the 
Westward, (which generally happens during a heavy shower of 
rain, together with a sudden fall of temperature,) when the 
barometer will probably rise as fast as it previously fell, and a 
strong N.W. wind will set in. 

The general belief that the speed at which the barometer falls 
is an indication of the* strength of a Southerly gale in these 
latitudes requires some qualification. The fact that the force of 
wind depends on the amount of the barometrical gradient supports 
this idea ; but we must also take into consideration the speed at 
which the area of low pressure is travelling. Suppose, for instance, 
that having a very steep gradient it stood still, as sometimes 
happens, the wind would blow furiously, although the barometer 
would cease falling, unless the depression were becoming deeper. 
Then, again, suppose that a depression with a slight gradient were 
passing very quickly, the barometer would fall quickly, though 
the wind would not be strong. 

It is also important to consider the ship's course and speed in 
connexion with the course and speed of the area of low pressure 
as already remarked on p. 28, and illustrated by Figs. 11 and 12 
(p. 29). 

The following instance may be cited as an illustration of what 
frequently occurs to a sailing ship. A homeward-bound - ship in 
about 45° N. and 30° W., falls in with a fresh Southerly wind, 
and from what has been said, the captain knows that there is a 
lower pressure to the West of him, and he may safely consider 
that it is travelling to the Eastward ; but his ship is also going 
East, and his barometer may remain steady, or even rise if he 
is outstripping the low pressure in its advance. 

If in such a case, on taking into consideration the state of sea 
and other weather indications, the conclusion is come to that a 
gale is coming up from the Westward, and the ship is likely to 
have to reduce her speed, on closing with the land, or otherwise, 
it may be well to prepare for worse weather. In the event 
of heaving-to, the amount of fall in the barometer per hour is 
a good though not certain guide, as before said ; a fall of '04 to 
•10 of kn inch per hour is usually considered to be a serious indica- 
tion of the approach of a Southerly gale, which may be followed 
by an equally fast rise, accompanied by a W. or N.W. gale. 

From what has been said it will be clear to the navigator that 
in Northern latitudes, at the setting in of a Southerly wind, a 
sailing ship, as well as a steamer, bound to the Westward will, by 
her course and speed, cause the barometer to fall quicker than if 
she hove-to or stood to the Eastward, so that in this case also the 
state of the sea and other appearances ought to be considered, or 
her captain may be led to anticipate worse weather than is really 
coming. 
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With a Southerly wind and falling barometer, a ship bound to 
the Westward might gain by running to the Northward with 
the object of causing the wind to back to the Eastward, but tbe 
type of gale in which this is possible resembles a cyclone, and 
does not represent the ordinary gales of these latitudes which 
begin at S. and end at W. or N.W. Again, it might be possible 
for a ship, with the first of the Southerly wind which exists on 
the East side of the area of low pressure, to get less wind by 
running to the North, but as the extent in latitude of the 
cyclone area is not known, and as there is no certainty that she 
would get into more moderate weather by doing so, she might 
do herself more harm than good. 

It seems, then, probable that a ship bound to the Southward or 
Westward must face one of these gales if she meets it. A weak 
ship, whose object id to stem the sea and get safely through, 
without considering progress, should lie -to on the starboard 
tack, as the wind generally shifts from S. to S. W., W. and N.W. 
This would of course be the best plan for any ship which found 
the gale too heavy for her. But a well-conditioned ship, bound 
to the Westward, may keep on the port tack until the wind 
shifts to West with a rising barometer, and then tack to the 
South-westward. This plan would, of course, tend to bring her 
into the trough of the sea, and she would be more likely to be 
caught aback as the wind changed, but we are assuming that her 
captain will be prepared to meet these risks. 

When the wind has shifted to N.W. the starboard tack takes 
her away from the centre of such a disturbance, though she may 
soon sail into the Southerly wind of the Eastern side of another 
low-pressure-area coming towards her. This would be a very 
common occurrence in winter. 

Gales of the South Temperate Zone. 

The prevailing gales of high Southern latitudes resemble those 
of Northern, and in describing them it is only requisite to re- 
member that there North and South change places. For instance, as 
a ship bound to Australia gets into 40° S., "the Roaring Forties," 
she experiences a series of gales which, commencing at N. or N.E., 
end at W. or S.W. Now with a Northerly wind in the Southern 
hemisphere there is a low pressure to the Westward, and the way 
in which the wind usually changes proves that those areas of low 
pressure are also travelling to the Eastward. Ships which keep 
a steady Westerly wind for days as they run to the Eastward in 
high Southern latitudes, are probably keeping company with 
one of these areas of low pressure, and if they had hove-to or 
commenced beating to the Westward they also would have ex- 
perienced many changes just in the same manner as our steamers 
bound to America do, whilst those from America frequently keep 
a steady barometer and Westerly wind for days. This receives 
abundant confirmation from the frequency of the barometrical 
oscillations, and changes of wind, experienced by ships bound to 
the Westward, in rounding either the Cape of Good Hope or 
Cape Horn. 
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The best method for dealing with a heavy gale, or with a 
weak ship in an ordinary gale, is reversed for high Southern 
latitudes : there the port is the " coming up *' tack, which enables 
her to stem the sea, as the wind usually shifts from N. by N.W. 
to S.W., and the port tack with a S. W. wind takes her away from 
the low pressure to which the wind is related, though of course it 
may, and in the winter months most probably will, soon take her 
into the Northerly wind of the Eastern side of another low 
pressure coming towards her. 

For a ship beating to the Westward, of course the best progress 
is made by keeping on the starboard tack with the wind N. and 
N.W. until it shifts to W. and S.W., when she ought to tack to 
the North-westward ; but it will be seen that, as in the best 
method for making progress to the Westward in high Northern 
latitudes, the ship will be headed oiF, and get into the trough of 
the sea ; she will also be more liable to be taken aback, as the 
wind changes, than if she were on the port tack. 

From what has been said respecting the ordinary gales of high 
latitudes which have usually little or no Easterly wind, it must 
not be supposed that there are not some which have steep 
gradients on all sides, and consequently strong Easterly as well 
as Westerly winds. These are not nearly so common as the 
others, and must be treated like cyclones. 



TROPICAL STORMS. 

HUBEICABES, TtFHOOKS, OB CtCLONES OF TbOPICAL SeAS. 

Of all atmoapheric dtsturbancea, of the approach of which the 
barometer can supply iadicationa, and the dangers of which it may 
enable the seaman to avoid, by giving him warning of their 
proximity and poeition, the most Berioua are the revolving storms 
of the tropics. 

These storms, all of which may be properly termed cyclones, 
occur in the three great oceans, the Atlantic, Pacific, and Indian 
Oceana ; but they are seldom experienced within 5° or 6° of the 
Equator, and have not been traced into very high latitudes. They 
appear to he most frequent and most severe in the West Indies, 
in the vicinity of Mauritius, in the Bay of Bengal, and in the 
China Seas ; and in these seas they are most prevalent duiing 
the months following the summer solstice, or in other words, from 
July to October, in the northern hemisphere, and in the southern 
from December to April. In the Arabian Sea and in the Bay 
of Bengal cyclones occur most frequently from Apnl to June, 
and in October, November, and the be^nning of December.* 
They are commonly known as hurricanes in the West Indies ; 
cyclones in the Indian Ocean ; and typhoons in the China Seas. 

Cyclones have, in addition to a motion round a centre, an 
onward movement. The wind blows in a more or less circular 
course round the centre, and at the same time the storm field 
advances on a straight or curved track, sometimes with great 
velocity, and sometimes appealing to pause or scarcely to advance 
more than a few miles in an hourt 

The space over which these storms have been known to expand 
themselves varies from 20 or 30 miles to some hundreds of miles in 
diameter ; the wind blowing with an ever varying force, now 
lulling into little more than a strong breeze, and as the centre is 
approached often rising into a blast, of irresistible fury. 

It is an invariable characteristic of their revolution, that the 
gyration of the storm field takes place in one direction; in the 
northern hemisphere in the opposite direction to the hands of a 
watch, and in the southern hemisphere with the hands of a watch. 
The knowledge of this law is the more important, as it not only 
supplies the seaman with direct means of distinguishing these 
storms from gales in which the direction of the wind varies littie 
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if at Jill, but also reveals to him the position of the centre or vortex 
with respect to the place of his vessel, and therefore points out 
ihe way to avoid it, and so to escape from the region of greatest 
danger where the fury of the wiud ia most extreme, the changes 
of its direction most sudden, and the sea most to be dreaded. 

These features of cyclones will be understood to be in great 
measure due to the causes already explained, which lead to the 
formation of a system of revolving winds round a central area of 
low pressure produced by eome local atmospheric disturbance, 
towards which the surrounding air is drawn in from all sides. 

In the Atlantic and Soutli Indian Ocean these storms commence 
to the eastward ; for some days they travel along a path uot exactly 
West, but inclining a point or two towards the pole of that hemi- 
sphere which they are crossing ; and as they advance, they seem 
more inclined to curve away from the equator. When they 
reach the 25th degree of latitude, they generally curve still more, 
\ntil they move to the N.E. in the northern hemisphere, and to 
the S.E. in the southern hemisphere. The Atlantic storms almost 
always wheel round to the Northward in the Mexican Gfulf, or in 
its vicinity, and follow the sea-board of North America. 

Tracks of some of the most remarkable hurricanes, or cyclones, 
are shown by thick arrows in Figs. 8 and 9 (pages 23 and 23) ; the 
months in which they occurred being given at the ends of the 
an-ows. For a more complete list of their seasons, see the foot>- 
note to p. 33. The tracks are copied from tlie "Wind and 
Current Charta of tlic Pacific, Atlantic, and Indian Oceans," 
published by the Admiralty. 

The cyclones of the Bay of Bengal appear to originate near the 
Andaman Islands, those of the Arabian Sea near the Laceadivee. 
These generally travel to the Westward and North-westward, the 
former Eometiniea crossing the Indian Peninsula, sometimes pass- 
ing off over Bengal and curving back to the Eastward. The 
ty^jhoons of the China Seas commonly take a Westerly or North- 
westerly course. 

The rate of movcm&nt of these storms, though variable, may 
be averaged at 300 miles a day in the West Indies ; in the Arabian 
Sea, in the Bay of Bengal, and in the China Sea, 200 miles a 
day ; whilst in the Southern Indian Ocean their rates vary from 
50 to 200 miles a day. 

The indications of the approach of a revolving storm are the 
usual ugly and threatening appearance of the weather which 
forebodes most storms, and the increasing niunber and severity 
of the gusts with the rising of the wind. These signs are in 
some cases preceded by a long heavy swell and confused sea, which 
Comes from the direction in which the storm is approaching, and 
travels more rapidly than the storm centre. 

The best and surest of all warnings, however, will be found ii 
the barometer. In every case there is great barometric dis- 
turbance, the barometer at the centres of some of the storraa 
standing fully two inches lower than outside the aiomi field. 
Accordingly if the barometer falls rapidly ; or even if the 
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regularity of its diurnal variation {see page 13) be interrupted^ 
danger may be apprehended. 

No positive rule can be given as to the amount of depression to 
be expected. There are numerous records of the barometer 
falling below 28 inches in the West Indies^ and the suddenness of 
the fall may be realized by an authenticated record of a fall of 
1*7 inches in one hour and ten minutes. Meldrum says that in 
the Southern Indian Ocean the barometer commonly fidls below 
28 inches, and in the Bay of Bengal a pressure of 27*58 inches is 
said to have been observed. The average barometric gradient* 
near the vortex of the most violent of these storms is said to be 
rather more than 1 inch in 50 nautical miles. 

As the centre or vortex of the storm is approached, unless the 
vessel be on the line of its advance, the more rapid become the 
changes of wind^ till at length, instead of veering gradually^ as is 
the case on first entering the storm-field, the wind flies round 
at once to the opposite pointy the sea meanwhile breaking in 
mountainous and confused heaps. There are many instances on 
record of the wind suddenly falling in the vortex, and the clouds 
dispersing for a short interval, though soon the wind blows again 
with renewed fury. Few vessels have ever passed through the 
vortex without losing either masts or rudder, or meeting with some 
worse disaster, and therefore, at whatever cost, the central part 
of the storm-field should be avoided. 

The first care of the master of a vessel caught in a cyclone 
will be to find how the centre bears from him. In the northern 
hemisphere let him, facing the wind, take eight points to the 
right of the direction of the wind, and th^t will be the approxi- 
mate bearing of the centre ; in the southern hemisphere take eight 
points to the left. Thus, in the northern hemisphere with the 
wind from N.E., the centre wiU bear S.E., and in the southern 
hemisphere with the wind from N.W., the centre will bear S.W. 

In the present discussion, the motion of the wind in a cyclone 
will, for the sake of simplicity, be treated as approximately circular. 
But this is not strictly the case, and there is evidence to show that 
frequently in some parts of the storm-field there is more or less 
indraft. At a considerable distance from the centre, and before 
the barometer shall have fallen much below its normal value, the 
centre may bear 10 or 12 points from the direction of the wind 
(reckoned to the right or left according to the hemisphere) ; 
but after the barometer has fallen five or six tenths of an inch it 
is probable that the wind then blowing forms part of the central 
storm-circle, and the bearing of the centre may be taken as 
eight points from the direction of the wind. 

It was said that the ma^ter^s first care will be to know how 
the centre bears. His next care will be to know on which side 
of the storm's path his vessel is situated, and the direction in 
which the storm is moving. In the northern hemisphere if she be 
situated on the right-hand side or semicircle of a storm travelling 
to the westward — locking in the direction to which the storm is 

"* For explanation of the term barometric gradient, see page 18. 
Bb 2432. \> 
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travelling — the wind will veer N.E., E., S.E., S., &c., or with the 
hantla of a watch ; on the left-hand side the wind will back N,, 
N.W., W., &c., or against the hands of a watch. 

Similarly, in the southern hemisphere, if the vessel be in the 
right-hand semicircle of a storm travelling to the westward, — 
looking in the direction to which the storm is moving — the wind 
will veer S., S.W., W., &c , or with the hands of a watch ; in the 
left-hand Bemicircle it will back S.E., E., N E., N., &c., or against 
the hands of a watch. 

In speaking of the shift of wind such a shift is meant aa would 
be observed on a vessel liove-to ; for if the vessel be moving faster 
than the storm, and in the same direction, the shift may be in the 
opposite direction to what has been stated. 

If while the vessel is hove-to the wind be found to remain in 
the same direction, increase in violence, and be accompanied by 
a falling barometer, it is probable she lies in the path of the 
advancing storm — the most critical of all positions. 

The wind in front of the storm-field is, from the nature of the 
case, directed across the path of the centre ; blowing towards the 
path on one side, and away from it on the other. Consequently, if 
we suppose the cyclone to be bisected by a line representing its 
path, a little consideration will show that in the semicircle on one 
side of the path, a ship running before the wind may probably be 
brought to cross the path of the storm In front of its centre, and 
therefore under circumstances of the greatest danger ; in the 
semicircle on the other side of the path a ship running before the 
wind will probably cross the path in rear of the centre. The 
former of these semicircles has been called the " dangerous " 
aeraicirele. 

An inspection of the diagram (Fig. 13, p. 37) will best expkin 
these and other important particulars. The circles represent tlie 
atorm-field ; the arrow heads show the direction of its revolution 
in the northern hemisphere against the hands of a watcli, in the 
southern hemisphere with the hands of a watch. 

The shaded portions of the circles are the dangerous semicircles. 
The groups of arrows with the embracing doited arrows, on either 
ride of the truck of tlie storm, indicate tlie directions in which the 
winds would be observed there to blow and shift by a vessel 
hove-to. 

When looking in the direction in which the storm is travelling the 
dangerous semicircle is always on the right hand in the northern 
liemisphere, on the left hand in the aonthem hemisphere ; also, in 
both hemispheres, in the right-hand semicircle the wind, to a ship 
hove-to, always veers,* in the left-hand semicircle it always backs. 
The semicircle with veering winds is the dangerous semicircle in 
the northern hemisphere; the semicircle with backing winds is 
the dangerous Bemicircle in the southern hemisphere. 

The recurvature of the path always takes place towards the side 
on which the dangerous semicircle is situated, i.e., to the right in 

" The Wnns " veering " ftnd " batkiEg " applied to the wind, may be explained 
with lefecence to the moTements of watch hands, the former signifies sbifticg in 
the same direction as the bands, and tbe latter in the opposite directioD, and iaej 
baTO the same meaoing ia the two heraispheres. 
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the northern^ to the left in the southern hemisphere. Hence in 
the northern hemisphere^ so long as the vortex is travelling to the 
West, the winds in firont of the advancing centre are North- 
easterly ; as the vortex turns to the North, the winds in front are 
Easterly ; and after it has turned to the Eastward the winds in 
front are South-easterly. A similar sequence will arise in the 
southern hemisphere, but in the opposite order, the winds in front 
of the vortex beginning with South-east and ending with North- 
eastwhen the vortex has turned to the Eastward. 



Fig. 13, 
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We derive, then, the following rules to find the most dangerous 
windy supposing always that the track of the storm is such as is 
shown in Fig. 13 (p. 37), recurving in about lat. 30° N. or lat. 26° 

S.:— 



Northern Hemisphere. 

Between the Equator 

and 30° N. lat. - N.E. 
About 30° N. lat. - E. 
Northward of 30° N. lat. S.E. 



Southern Hemisphere. 

Betvreen the Equator 

and 26° S. lat. - - S.E. 

About 26° S. lat. - E. 

Southward of 26° S. lat N.E. 



These winds are most dangerous, because in each case if the 
wind continues steady from that point and the barometer continues 
to fall rapidly the ship must be on the path of the storm and 
directly in front of it, so that she is in the position of greatest peril. 

It is difficult to estimate the distance of the centre of the vortex 
firom a vessel. This partly arises from the uncertainty as to the 
relation between the bearing of the centre and the direction of 
the wind, and greatly from there being no means of knowing 
whether the storm be of large or small dimensions. If the barometer 
falls slowly, and the weather only gradually gets worse, it is 
reasonable to suppose that the centre is distant ; and conversely 
with a rapidly falling barometer and increasing bad weather the 
centre may be supposed to be approaching dangerously near. 

Practical Rules fob Seamen in Tropical Cyclones. 

When in the region, and in the season of revolving storms, be on 
the watch for the premonitory signs. Constantly and carefully 
observe and record the barometer. 

When there are indications of a cyclone being near, heave-to, 
and carefully observe and record the changes of the barometer 
and wind, so as to find the bearing of the centre, and ascertain by 
the shifting of the wind in which semicircle the vessel is situated 
Much will often depend upon heaving-to in time.. 

When, after careful observation, there is reason to believe that 
the centre of a cyclone is approaching, the following rules should 
be followed in determining whether to remain hove-to or not, and 
the tack on which to remain hove-to: — 

Northern hemisphere. — If in the right-hand semicircle, heave- 
to on the starboard tack. If in the left-hand semicircle, run, 
keeping the wind, if possible, on the starboard quarter ; and when 
the barometer rises, if necessary to keep the ship from going too 
far from the proper course, heave-to on the port tack. 

Southern hemisphere. — If in the right-hand semicircle, run, 
keeping the wind, if possible, on the port quarter ; and when the 
barometer rises, if necessary to keep the ship from going too far 
from the proper course, heave-to on the starboard tack. If in 
the left-hand semicircle, heave-to oh the port tack. 

Both hemispheres. — When the ship lies in the direct line of 
advance of the storm — which position is, as previously observed, 
the most dangerous of all — run. And in all cases act so as to 
increase as soon as possible the distance from the centre ; bearing 
in mind that the whole storm field is advancing. 



39 

Heaying-tOy in both hemispheres. — ^If the ship be in the right- 
hand semidrde^ heave«to on the starboard tack. In the left-hand 
semicircle, heave-to on the port tack ; these being the tacks on 
which the ship will ** come up " as the wind shifts. 

In receding from the centre of a cyclone^ the barometer will 
rise^ and the wind and sea subside. 

It should be remarked that in some cases vessels may, if the 
storm be travelling slowly, sail from the dangerous semicircle 
across the front of the storm^ and thus out of its influence. But 
as the rate at which the storm is travelling is quite uncertain^ this 
is a hazardous proceedings and the seaman should hesitate and 
carefully consider all the circumstances of the case, particularly 
observing the rate at which the barometer is falling, before he 
attempts to cross. 

Cjjfclanes of the South Indian Ocean, — The researches of Mr. 
Meldrum, Director of the Government Observatory at Mauritius, 
have shown that^ in the South Indian Ocean^ a vessel approaching 
a cyclone on its southern side almost always encounters a strong 
Trade wind^ which freshens to a gale. It is difficult to teU when 
the Trade forms part of the storm circle ; consequently the bearing 
of the centre can seldom, in this position, be inferred from the 
direction of the wind. 

It is therefore recommended under such circumstances to 
heave-to and watch the wind and barometer ; when the wind has 
shifted decidedly to the East or South the passage of the centre 
with respect to the vessel's position may be approximately inferred ; 
and when the barometer has fallen six-tenths of an inch from its 
height at the commencement of the storm, the bearing of the 
centre may be taken as nearly at right angles to the direction of 
the wind. 

If the wind shift from S.E. decidedly towards the South, run 
to the N.W. Or, if the wind remain steady at S.E., increase in 
force, the barometer still falling, it is probable the storm is 
advancing directly towards the vessel; in such case, the most 
dangerous of all, run to the N.W. 

It is also stated that in the cyclones of the South Indian Ocean, 
North-easterly and Easterly winds often, if not always, blow 
towards the centre. Such being the case, it is better to make as 
much Easting as possible. 

It might easilv be shown,' the same writer remarks, that all the 
homeward-bound vessels that put into Mauritius for repairs do so 
in consequence of damage sustained in a cyclone which they 
entered on its northern side. There is a strong temptation to 
such vessels to run on with a favourable breeze ; but a freshening 
Northerly or North-easterly wind, with a falling barometer and 
threatening appearance of the weather, should warn them to 
heave-to in time. 
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APPENDIX. 

Table of Correction to be applied to Barometers with Bran Scale*, 
extending from the Cistern to the top of the Mbrcurial Column, to 
reduce the Observation to 32* Fahrenheit. 
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